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. ABSTRACT 

d; 

Aims. We examine a recently-proposed evolutionary scenario that could explain the existence of the low-mass, helium- 
enriched PG1159 stars. We focus in particular on the study of the pulsational stability properties of the evolutionary 
• models predicted by such scenario. 

_^ ' Methods. We assess the overstability of pulsation g— modes of stellar models as evolution proceeds along the PG1159 

domain. Stellar models are extracted from the full evolution of a I-Mq model star that experiences its first thermal 

_ , pulse as a late thermal pulse (LTP) after leaving the AGB. The evolutionary stages corresponding to the born-again 

■ episode and the subsequent helium sub-flashes are taken into account in detail. 

' Results. Under reasonable mass-loss rate assumptions, the evolutionary scenario reproduces the high helium abun- 

I dances observed in some PG1159 stars. We find that, despite the high helium abundance in the driving layers, there 

, exists a narrow region in the log T e ft— loggr diagram for which the helium-enriched PG1159 sequence exhibits unstable 

■ pulsation modes with periods in the range 500 to 1600 s. In particular, the nonpulsating helium-enriched PG1159 star, 
MCT 0130—1937, is located outside the theoretical instability domain. Our results suggest that MCT 0130—1937 is a 

£ — ' real non-pulsating star and that the lack of pulsations should not be attributed to unfavorable geometry. 

Conclusions. Our study hints at a consistent picture between the evolutionary scenario that could explain the existence 
of helium-enriched PG1159 stars and the nonvariable nature of MCT 0130—1937. We also present theoretical support 
' for the unusually high helium abundance observed in the nonpulsating PG1159 star HS 1517+7403. We suggest that 

Oh' HS 1517+7403 could be a transition object linking the low-mass helium-rich O(He) stars with the helium-enriched 

PG1159 stars via the evolutionary connection Kl-27 -> HS 1517+7403 -> MCT 0130-1937. 

Key words, stars: evolution — stars: abundances — stars: AGB and post-AGB — stars: interiors — stars: variables: 
other (GW Virginis) — white dwarfs 
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1. Introduction back to the AGB and finally into the domain of the PG1159 

„„ , , . ,. , , , stars at high T cf j values. LTP also leads to a hydrogen- 

H PGlf59 stars constitute the evolutionary link between the 1 c • , ... , , u t j. n • 1 

rrt ■ . . , , , , . , deficient composition but as a result of a dilution episode, 

asymptotic giant branch (AGB) stars and most of the 

hydrogen-deficient white dwarf (WD) stars. Currently, 37 Interest in PGlf59 stars is additionally motivated by 
stars are members of the PGH59 family, which span a wide the fact that eleven 01 them exhibit multiperiodic lumi- 
domain in the log T eff -logg diagram (g in cgs units): 5.5 nosit y variations induced by nonradial g-mode pulsations. 
£ log g < 8 and 75000 K £ T cS < 200000 K; see Werner & Pulsating PG1159 — commonly referred to as GW Virginis 
Herwig (2006) for a review. These hot stars are thought to variables — show low degree {£ < 2), high radial order 
be formed via a born-again episode resulting either from a ( fc £ 18 ) 9-™des with periods m the range from about 
very late thermal pulse (VLTP) experienced by a hot WD 300 to 3000 s - About half of them are stl11 surrounded by a 
during its early cooling phase — see Schonberner (1979) P lan etary nebula. Since the pioneering works of Starrfield 
and Iben et al. (1983) for earlier references — or a late et aL ( 1983 > 1984 ) ~ se * also Starrfield et al. (1985) and 
thermal pulse (LTP) that occurs during the post-AGB evo- Stanghelhm et al. (1991) — the pulsation driving medi- 
ation when hydrogen burning is still active; see Blocker amsm and ln particular the chemical composition of the 
(2001) for references. During the VLTP, the helium flash dnvin S zone m PG1159 stars have been the subject of hot 
driven convection zone reaches the hydrogen-rich envelope debate ' The works of Sai ° ( 1996 ) and Gautschy (1997), and 
of the star, with the consequence that most of the hydrogen more recently Quirion et al. (2004), Gautschy et al. (2005), 
content is burnt. The star is then forced to evolve rapidly and C6rsico et al. (2006) have convincingly demonstrated 

that g-mode pulsations in the range of periods of GW 

Send offprint requests to: L. G. Althaus Virginis stars can be easily driven in PG1159 models with a 

* Member of the Carrera del Investigador Cientffico y uniform envelope composition — compatible with observed 
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electrons of carbon and/or oxygen in the envelope of these 
models. 

A distinctive feature characterizing PG1159 stars 
is their peculiar surface chemical composition. Indeed, 
PG1159 stars exhibit surface layers dominated by helium, 
carbon, and oxygen, the main nucleosynthetic constituents 
of the previous intershell layer of their AGB progenitor 
stars. Typically, surface abundance^ of about 0.33 He, 0.5 
C, and 0.17 O are reported, with notable variations from 
star to star (Dreizler & Heber 1998; Werner 2001). In fact, 
almost every star has its individual He/C/O mixture. As 
reported by Werner (2001) and Werner & Herwig (2006) 
the helium abundance ranges between 0.30-0.85, and car- 
bon and oxygen abundances span the ranges 0.15-0.60 and 
0.02-0.20, respectively. In particular, the helium abundance 
covers mostly the range 0.3-0.5; only a minority of PG1159 
stars show a helium-enriched abundance in the range 0.6- 
0.85. 

The dispersion in the atmospheric composition of 
PG1159 stars bears relevance in the question of the excita- 
tion of pulsation modes in models of these stars, and par- 
ticularly the coexistence of variable and non- variable stars 
in the domain of the GW Virginis, a longstanding issue 
recently addressed by Quirion et al. (2004). The helium- 
enriched and nitrogen-deficient nonpulsating PG1159 star 
MCT 0130—1937 is particularly outstanding. In fact, this 
object — characterized by a surface composition of about 
0.74 He, 0.22 C, and 0.03 O (Werner & Herwig 2006) and a 
stellar mass of 0.54 M (Miller Bertolami & Althaus 2006) 
— is well inside the PG1159 instability domain in the log 
T e g— log g diagram (Corsico et al. 2006). Even more remark- 
able is the fact that, in the log T e g—\ogg diagram, this 
star is located between two pulsating stars, PG 2131+066 
and PG 1707+427, either of them having standard helium 
abundances (0.44). Other relevant examples of nonpulsat- 
ing PG1159 stars within the instability domain are the low- 
mass stars HS 0704+6153 with a surface helium abundance 
of 0.69 and HS 1517+7403 with a unsually high helium 
abundance of 0.85. With the help of static PG1159 models, 
Quirion et al. (2004) have found that the high helium abun- 
dance would be the cause for the absence of pulsations in 
MCT 0130-1937. Indeed, the envelope of MCT 0130-1937 
is so helium-enriched as compared with its two neigh- 
bouring GW Virginis stars, that the "helium poisoning" 
would be responsible for the lack of pulsations in this star. 
However, it should be noted that the no detection of pulsa- 
tions in this object could be due to unfavorable geometry. 
For instance if the star is observed pole-on, modes with 
rn = ±1 would not be detected. 

The wide variety of surface patterns observed in PG1159 
stars poses a major challenge to the theory of post- AGB 
evolution. Although the dispersion in the surface compo- 
sition observed in PG1159 stars can admittedly be under- 
stood in terms of the standard born-again AGB star sce- 
narid3 (Herwig et al. 1999; Miller Bertolami & Althaus 
2006), the existence of helium-enriched and nitrogen- 
deficient objects such as MCT 0130—1937 is certainly more 
difficult to explain and it still deserves to be investigated. 



1 Throughout this paper, we shall use abundances by mass 
fraction. 

The spread in surface composition of most PG1159 stars can 
be explained by differences in stellar mass and the number of 
thermal pulses experienced by progenitors during the AGB. 



It is precisely in this vein that the present work is focused. 
Specifically, we examine the evolutionary scenario for the 
formation of low-mass, helium-enriched PG1 159 stars re- 
cently proposed by Miller Bertolami & Althaus (2006) by 
assessing the overstability of pulsation g— modes of the 
resulting stellar models as evolution proceeds along the 
PG1159 domain. As shown in Miller Bertolami & Althaus 
(2006) this scenario could provide a possible explanation for 
the existence of PCI 159 stars such as the above mentioned 
HS 0704+6153, HS 1517+7403, and MCT 0130-1937, 
three helium-enriched and nitrogen-deficient objects in the 
sample of Dreizler & Heber (1998). The following section 
contains details about the main aspects of this evolution- 
ary scenario and the stellar models we used as a background 
for the pulsation stability analysis described in Sect. 3. Our 
aim is to assess to what an extent the pertinent sequence 
of stellar models do not show any sign of variability along 
the domain of the GW Virginis stars, thus having a consis- 
tent picture of the evolutionary and pulsational status of 
MCT 0130-1937. Finally, Sect. 4 is devoted to discussing 
and summarizing our results. In particular, we discuss there 
the evolutionary connection Kl-27 -> HS 1517+7403 -» 
MCT 0130-1937 that would link the helium-rich O(He) 
stars with the helium-enriched PG1159 stars and would 
explain the unusually high helium abundance observed in 
HS 1517+7403. 

2. Evolutionary scenario 

The evolutionary scenario proposed by Miller Bertolami & 
Althaus (2006) involves the computation of the advanced 
stages of the evolution of a low-mass star that, as a result of 
mass-loss events, avoids the thermally pulsing AGB phase 
and it experiences its first thermal pulse as a LTP after 
leaving the AGB. Indeed, helium abundances as high as 
observed in the helium-enriched PG1159 stars are typical of 
the intershell helium abundances that develops during the 
first thermal pulse (~ 0.7fQ). Because the small envelope 
mass characterizing low-mass stars, this scenario appears 
to be quite likely in these stars. 

The Hertzsprung-Russell diagram corresponding to the 
evolutionary scenario is shown in Fig.[TJ Artificial mass-loss 
rates force the initially 1-M Q model star to undergo its first 
thermal pulse as a LTP at about 10000 K, after leaving the 
AGB. After the short-lived born-again episode and before 
the PG1159 domain, the remnant experiences two addi- 
tional excursions to lower temperatures — the two double 
loop paths in Fig[T] — by virtue of helium sub-flashes. The 
total time spent by the remnant in the red during these 
loop episodes amounts to about 3000 yr. During this time, 
mass-loss episodes are expected to erode the outer envelope 
considerably. For instance, mass-loss rates as high as 10~ 5 
M Q /yr and even larger have been observed in Sakurai's 
object (Hajduk et al. 2005). 

In the interests of helping to understand the evolution- 
ary connections to be studied later, we show in Fig. [2] the 
chemical stratification by the end of the born-again (about 
300 yr after the occurrence of the LTP). This figure illus- 
trates the inner 1 H, 4 He, 12 C, 14 N, and 16 distribution in 
terms of the outer mass fraction q, where q = 1 — m r /M*. 

3 During subsequent thermal pulses, the helium abundance in 
the intershell layer gradually decreases if convective extramixing 
like overshooting is considered; see Herwig (2000). 
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Fig. 1. Hertzsprung- Russell diagram for the evolutionary scenario that leads to the formation of helium-enriched 
PG1159 stars. The star experiences its first thermal pulse as a LTP. Numbers besides filled circles and squares along 
the track give, respectively, the age (in 10 3 yr) counted from the occurrence of the LTP and the surface abundances 
( 1 H/ 4 He/ 12 C/ 14 N/ 16 0) in percent. After the LTP, the remnant star undergoes two main additional helium sub-flashes 
with the consequent excursion towards lower temperatures. Note the changes in surface abundances as a result of mass-loss 
episodes. The helium-enriched intershell layer is uncovered well before evolution reaches the domain of MCT 0130—1937 
at the onset of the hot WD stage. The evolutionary track resulting from a VLTP episode is also shown with dashed lines 
for the PG1159 regime; the complete track is depicted in the inset. 



Note the presence of the intershell layer below the thin he- 
lium buffer, that results from the short-lived mixing episode 
during the helium flash at the LTP. This intershell layer of 
0.04 M Q is substantially enriched in helium and deficient 
in nitrogen: [ 4 He, 12 C, 16 0]= [0.73, 0.21, 0.03]. Despite 
the small envelope (3.7 xlO -3 Mq) overlying the inter- 
shell region, no strong dredge-up occurs. This is expected 
because of the low intensity of the first thermal pulse in 
low-mass stars. By assuming mass-loss rates within obser- 
vational expectations, Miller Bertolami & Althaus (2006) 
found that the hydrogen-rich outer envelope is eroded and 
surface abundances start to change gradually by log T e g 
~ 4.6, well before the sequence reaches the domain of the 
PG1159 stars. From this point until the intershell chemistry 
is uncovered, the nitrogen surface abundance remains 0.012 
with no trace of carbon. 30000 yr later — at T e ff ~ 108000 
K — the last vestiges of hydrogen-rich material left in the 
star are removed and the surface exhibits the buffer abun- 
dances: [ 4 He, 12 C, 14 N, 16 0]= [0.98, 0, 0.012, 0]. These will 
be the surface abundances until the helium buffer is eroded 
by further mass loss during the subsequent 50000 yr of evo- 



lution, see Fig. [TJ During this time, the surface abundance 
will be typical of those exhibited by O(He) stars. Finally, 
when the helium buffer is removed the models diplay the 
intershell abundances — [ 4 He, 12 C, 14 N, 16 0]= [0.74, 0.20, 
0, 0.029] — characteristic of the helium-enriched PG1159 
stars. 

The location of these abundance changes in the log 
T e g— log 3 diagram is shown in Fig. [3] We also depict 
the location of two helium-rich O(He) stars: Kl— 27 
and HS 2209+8229. In particular Kl-27, for which de- 
tailed abundances have been derived, displays an al- 
most pure helium composition (0.98) with traces of 14 N 
(0.017) - however small hydrogen and carbon con- 
tents cannot be excluded, see Rauch et al. (1998) - 
which are similar to the surface abundances predicted by 
the evolutionary scenario by the time the small helium 
buffer is uncovered: 0.98 4 He and 0.012 14 N. In addi- 
tion, we include in the figure the three helium-enriched 
and nitrogen-deficient PG1159 stars from the sample 
of non-pulsating stars of Dreizler & Heber (1998): HS 
0704+6153, HS 1517+7403, and MCT 0130-1937 with 
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Fig. 2. Internal abundance distribution of 1 H, 4 He, 12 C, 
14 N, and 16 as a function of the outer mass fraction q for 
a model at 300 yr after the occurrence of the LTP (see Fig. 
1). The location of the helium buffer and the underlying 
intershell layer are indicated. 



abundances of He/C/0= 0.69/0.21/0.09, 0.84/0.13/0.02, 
and 0.74/0.22/0.03, respectively. Note that the evolution- 
ary sequence nearly reproduces both the location in the 
log T c g— log (/ diagram and the surface composition of 
the three helium-enriched PG1159 stars (in particular 
MCT 0130-1937) and the O(He) star Kl-27. It is ap- 
parent from Fig. [3] that this scenario suggests an evo- 
lutionary connection between the O(He) stars with low 
mass (namely Kl-27 and HS 2209+8229) and the helium- 
enriched PG1159 stars. Note from Fig. [3] that Kl-27 is 
consistent with a stellar mass value of M < 0.514 M©. 
This is markedly lower than the value quoted by Rauch et 
al. (1998) of 0.55 M©. The difference can be traced back 
to the fact that the Rauch et al. (1998) determination is 
based on the Blocker (1995) hydrogen-burning evolutionary 
tracks, whilst our determination is based on evolutionary 
sequences with surface abundances consistent with those 
observed in this stafl The same trend is also present in the 
new mass determinations of PG1159 stars given in Miller 
Bertolami & Althaus (2006), as compared with the mass 
values quoted by Werner & Herwig (2006), based also on 
hydrogen-burning post-AGB tracks. 

An issue of relevance as given by the evolutionary sce- 
nario concerns the age predicted for Kl— 27. Specifically, 
we find that our sequence predicts an age of about 30—60 
Kyr at the observed effective temperature and surface com- 
position of Kl— 27. This age is a factor of 5—3 smaller than 
the age quoted by Rauch et al. (1994), strongly alleviating 
the discrepancy between the evolutionary age and the ex- 



4 We are performing new simulations that show that tracks 
for H and He burning post-AGB stars are remarkably different 
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Fig. 3. log T c g— log g evolution of the 0.514 M© remnant. 
Surface abundances [ 1 H/ 4 He/ 12 C/ 14 N/ 16 0] are given at se- 
lected stages (black dots). We also show the observational 
predictions for two low-mass O(He) stars and three helium- 
enriched PG1159 stars (triangles and square symbols, re- 
spectively) taken from Rauch et al. (1998) and Dreizler & 
Heber (1998). 

pansion age of the nebula^. This fact makes the plausibility 
of the evolutionary scenario for the origin of this star even 
more attractive. 

Needless to say, the exact location in the log T e g— logg 
diagram where the star will show O(He)- or helium- 
enriched surface abundances depends on the actual course 
of mass-loss events. To assess this, we have re-computed 
the post VLT evolution of the sequence but for the case 
in which mass-loss rates are one order of magnitude lower 
than assumed in Miller Bertolami & Althaus (2006). In 
particular, we assume a mass-loss rate during the giant 
state of only 10 -7 M©/yr. As a result, the surface layers 
of the models stay hydrogen- and helium-rich throughout 
the evolution. This places a lower limit — below observa- 
tional expectations — to the mass-loss rates for which the 
evolutionary scenario may explain the existence of helium- 
enriched PG1159 stars like MCT 0130-1937. 

Finally, we note that the low-mass helium-enriched 
PG1159 stars could be the result of a VLTP instead a LTP. 
To assess this we forced our post-AGB sequence to un- 
dergo a VLTP episode. In Fig. Q] we include the resulting 
track. The full track is shown in the inset. Note that for 
the PG1159 regime, both tracks are almost indistinguish- 
able. As in the case for the LTP, the surface chemistry of 
the emerging star will be essentially that of the intershell 
layer [ 4 He, 12 C, 16 0]= [0.74, 0.16, 0.03], but — because of 
the burning of the hydrogen content — enriched in 13 C and 
nitrogen (0.01). The presence of nitrogen is at odds with ob- 
servations in the low-mass, helium-enriched PG1159 stars. 



for low-mass remnants (M < 0.55 M 



Q) 



We note that the kinematical age of the nebula is not ex- 
pected to change appreciably as a result of our lower stellar mass 
for Kl-27. 
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Fig. 4. Upper panel: log T e g—\ogg evolution of our 0.514- 
Mq remnant and the location of the three helium-enriched 
PG1159 stars according to Dreizler & Heber (1998): 
HS 1517+7403, HS 0704+6153, and MCT 0130-1937. The 
thick portion of the curve corresponds to the instability do- 
main of our sequence, and the thickest portion near the knee 
of the track corresponds to the case for which the helium 
abundance of our model sequence is artificially changed to 
0.85 (see section 4). Bottom panel: Chemical abundances 
at the driving region (log T ~ 6.2) in terms of the effective 
temperature. Arrows indicate the course of evolution. 



This fact discards the possibilty that the progenitors of 
these stars have experienced a VLTP episode. Note also 
that because the entire helium-rich buffer is engulfed by the 
helium flash convection zone during the VLTP, the devel- 
opment of a helium-rich surface composition characteristic 
of the O(He) stars is certainly not expected in this case. In 
addition, we want to comment on the fact that from our 
numerical experiments the occurrence of a VLTP episode 
in very low-mass stars (M <J 0.53 M Q ) appears to require 
a delicate fine tuning in the mass-loss rate. Thus, we are 
tempted to conclude that in these stars, VLTP episodes 
might be less likely than the LTP ones. 



3. Pulsational stability properties 

The evolutionary scenario proposed in Miller Bertolami 
& Althaus (2006) provides a possible explanation for 
the existence of helium-enriched PG1159 stars like 
MCT 0130-1937, linking them with the low-mass O(He) 
stars. In the frame of recent stability calculations (Quirion 
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Fig. 5. Dipole modal diagram (periods vs. effective tem- 
perature) for our helium-enriched evolutionary sequence. 
Solid (dotted) lines denote pulsational instability (stabil- 
ity). Unstable mode periods range from about 500 to 1600 
s. Below T e ff ~ 100000 K, no unstable pulsation modes are 
found. 



et al. 2004), we should expect that — as a result of he- 
lium poisoning — the pertinent stellar configurations do 
not show any sign of variability along the domain of the 
pulsating PG1159 stars. To assess this, we have performed 
pulsation stability analysis on our models. It is important 
to note that we are examining the stability properties of 
stellar models belonging to a real evolutionary sequence de- 
rived from the complete history of the progenitor star, an 
aspect which renders robustness to our pulsational results. 

We performed a pulsation g-mode stability analysis 
by employing the linear, nonradial, nonadiabatic pulsation 
code described in Corsico et al. (2006), which has recently 
been employed to reexamine the theoretical instability do- 
main of pulsating PG1159 stars. This code assumes the 
"frozen-in convection" approximation in which the pertur- 
bation of the convective luminosity is ignored. 

We analyze the stability properties of stellar models cov- 
ering a range of 5.1 ;> log(r c ff) <; 4.7. For each model 
we have restricted our study to £ = 1 g-modes with pe- 
riods in the range 50 s <; II 5000 s, thus comfortably 
embracing the full period spectrum observed in pulsating 
PG1159 stars. Surprisingly enough, we find that, despite 
the high helium abundance in the driving layers, there ex- 
ists a region in the log T e g— logg diagram for which our 
helium enriched PG1159 sequence exhibits unstable pulsa- 
tion modes. These modes are driven by the K-mechanism as- 
sociated with the opacity bump due to partial ionization of 
carbon and oxygen; see Gautschy et al. (2005) and Corsico 
et al. (2006) . To illustrate this, we present in Fig. Q] two 
panels which display the log T c g— log g plane (upper panel) 
and the chemical abundances at the driving region (bot- 
tom panel) in terms of the effective temperature. Note the 
presence of a well-defined, though short, instability domain 
on the log T e g— log 5 plane (thick portion of the track). 
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It is clear that the extension of the instability domain is 
markedly dependent on the helium abundance in the outer 
layers. Indeed, it is only by the time mass loss has eroded 
the helium buffer and exposed the helium- and carbon-rich 
intershell layer — bottom panel in Fig. [4] — that our mod- 
els start to exhibit pulsational instability. From the modal 
diagram in Fig. this instability starts to manifest itself at 
the longest pulsation periods. Note that unstable mode pe- 
riods range from about 500 to 1600 s. Note also the strong 
decrease in the longest expected periods; this is because 
the high helium content in the driving region. By the time 
evolution has proceed to T D g ~ 100000 K our models can- 
not drive unstable modes anymore and they become stable 
with further evolution (see Fig. [5]). This behaviour is in 
sharp contrast with the situation encountered in low-mass 
PG1159 models with standard surface helium abundances, 
which show pulsational instability throughout this region 
of the log T e g— logg diagram (Corsico et al. 2006). 

It is clear from Fig. 0] that the nonpulsating 
MCT 0130-1937 star is located well outside the theoret- 
ical instability domain. In fact, we do not find any sign of 
instability in our models by the time evolution has reached 
the domain of MCT 0130-1937. This result hints at a 
consistent picture between the evolutionary scenario de- 
scribed in Section 2 that could explain the existence of 
helium-enriched PG1159 stars and the nonvariable nature 
of MCT 0130-1937. 

4. Discussion and conclusions 

We have examined the evolutionary scenario proposed 
by Miller Bertolami & Althaus (2006) that could ex- 
plain the existence of low-mass, helium-enriched PG1159 
stars. In particular, this scenario remarkably reproduces 
both the location in the log T c s— log 5 diagram and 
the helium-enriched and nitrogen-deficient composition of 
MCT 0130—1937, and suggests as well a possible evolution- 
ary connection between the low-mass helium-rich O(Hc) 
stars (namely Kl-27 and HS 2209+8229) and the helium- 
enriched PG1159 stars. 

In this paper we have assessed the overstability of 
9— modes of the pertinent stellar models as evolution pro- 
ceeds along the PG1159 domain. We find that — despite 
the high helium abundance in the driving layers — there 
exists a region in the log T c ff— log 5 diagram for which our 
helium-enriched PG1159 sequence exhibits unstable pul- 
sation modes with periods in the range 500 to 1600 s. 
This is a novel aspect contained in this study. The do- 
main of instability is restricted to a rather narrow region of 
the log T cff -log 5 diagram. In particular, MCT 0130-1937 
is located outside the theoretical instability domain. In 
this sense, this finding reinforces the conclusions arrived 
at in Quirion et al. (2004) about the nonvariability of 
MCT 0130-1937. This result hints at a consistent pic- 
ture between the evolutionary scenario proposed by Miller 
Bertolami & Althaus (2006) for the origin of low-mass, 
helium-enriched PG1159 stars and the nonvariable nature 
of MCT 0130-1937. We conclude that MCT 0130-1937 is 
likely a real non-pulsating star and that the lack of pulsa- 
tions cannot be attributed to unfavorable geometry. 

However, as documented in Fig. QJ the nonpulsating 
helium-enriched object HS 1517+7403 lies well inside the 
predicted instability domain of our sequence. The presence 
of this non-variable star in the unstable region of our se- 



quence could be understood in terms of its higher surface 
helium abundance (about 0.85, see Werner & Herwig 2006) 
as compared with that of MCT 0130-1937. In fact, the 
helium surface abundance of HS 1517+7403 is intermedi- 
ate between the intershell helium abundance (0.75) of our 
models and that of the helium buffer (0.98) for which no un- 
stable modes are found at all. For a quantitative inference, 
we have recomputed the post born-again evolution of our 
sequence by artificially changing the surface abundance to 
be compatible with that of HS 1517+7403. Our pulsational 
analysis shows in this case that, though a very narrow insta- 
bility domain still persists — see Fig. H— HS 1517+7403 
is outside the resulting theoretical unstable region. A he- 
lium abundance as high as that observed in HS 1517+7403 
appears to be required to starve pulsations in this star. In 
contrast, for a helium abundance of 0.75 we saw that un- 
stable modes are excited. This theoretical finding strongly 
supports the observational expectation for the unusually 
high helium abundance in HS 1517+7403. 

From an evolutionary point of view, the high helium 
abundance in HS 1517+7403 is difficult to understand. 
Indeed, helium abundances larger than about 0.75 are not 
expected in the intershell layer during the AGB evolution. 
In addition, the presence of abundant carbon at its surface 
- about 0.13 by mass, Werner & Herwig (2006) — re- 
flects the occurrence of helium burning in prior evolution- 
ary stages. It is conceivable that the surface composition 
observed in HS 1517+7403 could be reflecting the chemical 
abundance distribution existing in the narrow transition 
layer between the helium buffer and the massive intershell 
region — see Fig. [3J This layer comprises only about 6.5 
xlO -5 Mq. With our adopted mass-loss rates, this layer is 
rapidly eroded in a matter of 6500 yr. During this time our 
sequence barely evolves in the log T c g — log g diagram — see 
Fig. [3J But for mass-loss rates similar to those charateriz- 
ing O(He) stars (about 10~ 9 M Q /yr) — a strong reduction 
in the mass-loss rate is indeed expected with decreasing 
luminosity — this layer would be eroded slow enough for 
the remnant to evolve to the domain of HS 1517+7403 with 
surface abundances similar to those observed in this star. 
This prompts us to suggest that HS 1517+7403 could be 
a transition object between the low-mass O(He) stars and 
the helium-enriched PG1159 stars like MCT 0130-1937. 

The evolutionary scenario proposed by Miller Bertolami 
& Althaus (2006) suggests the possibility that low-mass 
O(He) stars could be the direct progenitors of the helium- 
enriched PG1159 stars, and not form a distinct post- AGB 
evolutionary channel — for instance the result of a stel- 
lar merging event. The plausibility of this scenario is sus- 
tained not only by spectroscopic evidence but also, as 
shown in this work, by consistent pulsational stability cal- 
culations of helium-enriched PG1159 models. In addition, 
the substantially smaller ages predicted by this scenario 
for Kl— 27 are in line with the expected kinematical age 
of the nebula. Finally, we have put forward the possibil- 
ity of an evolutionary connection Kl— 27 — » HS 1517+7403 
-»■ MCT 0130-1937. The existence of these evolutionary 
links appears more attractive in view of the observational 
fact that the helium-enriched PG1159 stars are nitrogen- 
deficient, which rules out the occurrence of a VLTP episode 
during the progenitor evolution. In case that a VLTP had 
occurred, then an homogeneous composition — correspond- 
ing to the intershell chemistry — throughout the enve- 
lope would have been expected immediately after the born 
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again, with the consequent result that no marked sur- 
face abundance change would have resulted from mass-loss 
episodes during the further evolution. Finally, detailed tab- 
ulations of the calculations presented here are available at 
our web site: |http: / / www.fc aglp.unlp .edu.ar/evolgroup /\ 
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